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DESCRIPTION 
CALL CONTROL DEVICE AND CALL CONTROL METHOD 

Technical Field 

The present invention relates to call control 
devices and call control methods which are employed when a 
telephone call receiver or ^ telephone call transmitter 
uses a telephone set> for example, a communication line 
connection/disconnection device and. a communication line 
connection/disconnection method. 

Background Art 

Conventionally, for connection or disconnection 
of a communication line of a telephone, means have been 
employed such as a hook-type device for a fixed telephone 
set and switching of a call button for a portable telephone 
set. However, there have been issues such that the hook- 
type device restricts a design-property of a telephone set 
and that the call button type confounds the operation of a 
telephone set. 

The recent spread of portable telephones sees the 
issues of the switch-type method such that a communication 
line, is not disconnected owing to carelessness, and that- a 
malfunction occurs in a call button or other buttons of a 
portable telephone in a pocket or in a bag without a user's 
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intent. Particularly, the malfunction of a call button is 
problematic. 

Correspondingly/ a cordless telephone set is 
described in Japanese unexamined Utility Model Publication 
No. 04-94842 which is provided with a switch for switching 
according to the movement of an ear pad and a detection 
circuit for detecting the switching, so as • to make 
connection to a communication line only by pressing an ear 
into a receiver to allow the operation to be simplified. 

A personal wireless portable telephone 
communication device is described in Japanese unexamined 
Patent Publication No. 06-46123. which contains a range 
detection device for detecting the distance between a 
receiver and its user' s ear having an infrared 
photodetector for detecting an infrared source and the 
reflected light thereof. This is the technology that when 
the distance between a receiver and its user' s ear is 
detected as shorter than an arbitrary threshold value, the 
receiver operates in a hand-held receiver mode, and that 
when the distance is detected as longer than the arbitrary 
threshold value, the receiver operates in an open-type 
loudspeaker mode. This gazette describes that other 
distance measurement systems such as an acoustic echo 
system are applicable instead of infrared light . 

However, the invention described in Japanese 
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unexamined Utility Model Pxiblication No. 04-94842 arranges 
a plurality of movable mechanism components such as an ear 
pad. and a switch, and consequently, is disadvantageous in 
that a cordless telephone device becomes more complex with 
5 the mechanism components. 

Furthermore,, the invention described in Japanese 
unexamined Patent Publication No. 06-4 6123 is 
disadvantageous in the following points. The distance 
between a receiver and its user' s ear is detected by 

10 measuring the illuminance or intensity of reflected light; 

however, light is reflected even when all substances 
including human tissue other than an ear, paper, metal, 
plastic, ceramics, and biological tissue approach a 
receiver. When the reflectivity of a relevant substance is 

15 lower than the reflectivity of an ear, a malfunction does 
not occur; however, when a substance having higher 
reflectivity than an ear (for example, glasses and 
earrings) exists adjacent to an ear and gradually 
approaches a receiver from a long distance, there is a 

20 possibility that the malfunction of the recognition that 
the substance is close by a receiver occurs at a distance 
position longer than a prescribed threshold value. This 
malfunction similarly occurs when a detection means, even 
which might even be sound, approaches a substance of some 

25 kind. 
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Thus, the method for finding a distance based on 
the illxjininance or intensity of reflected light or 
reflected sound has to determine the distance based only on 
information of the external surface of a substance, and 
consequently, a malfunction tends to occur. In order to 
avoid this, it is preferable to employ a judgment criterion 
which considers the structure and materials inside a living 
body as well. 

Taking the above factors into consideration, an 
objective of the present invention is to provide a call 
control device and a call control method therefor, which 
easily allow a telephone call to be controlled using an 
auditory organ, which every hioman has, without a complex 
mechanism component. 

Disclosure Of Invention 

In order to achieve the above objectives, the 
present invention is structured as follows. 

In order to solve the above issues, the present 
invention provides a call control method and a call control 
device therefor which detect a distance between the 
auditory organ and a sound transmission and reception part 
by using acoustic characteristics of the auditory organ of 
a telephone call receiver or a telephone call transmitter, 
and thus connect and/or disconnect a communication line. 
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That is, according to the present invention, 
there is provided a call control method comprising of: 

transmitting sound from a sound transmission and 
reception section of a call control device and receiving 
the sound in the sound transmission and reception sections- 
detecting bioacoustic characteristic information 
of an auditory organ of a telephone call receiver or a 
telephone call transmitter by the received sound; and 

controlling call operation of the call control 
device based on the detected bioacoustic characteristic 
information. 

According to the present invention, . there is 
provided a call control device comprising: 

a sound transmission and reception part for 
transmitting and receiving sound; and 

a bioacoustic characteristic information 
detection means for detecting bioacoustic characteristic 
information of the auditory organ of the operator of the 
call control device by the sound transmitted and received 
by the sound transmission and reception part, 

wherein call operation is controlled based on the 
bioacoustic characteristic information detected by the 
bioacoustic. characteristic information detection means.. 

As a result, it becomes possible to automatically 
determine a user' s situation so as to connect or disconnect 
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a telephone line. Malfunction in a call button is also 
prevented by the application to a portable telephone set. 

Furthermore/ malfunction can be prevented when a 
receiver is shifted from the right ear to the left ear, for 
example, by detecting not only distance information but 
also time information to connect and/or disconnect a 
communication line. As acoustic informations, acoustic 
impedance and reflective wave properties can be employed 
for the acoustic characteristics of an auditory organ. 

The present invention is a communication line 
connection/disconnection device which is further provided 
with a means for measuring the acoustic characteristic 
information of the auditory organ of a telephone call 
receiver or a telephone call transmitter .having a speaker 
and a signal processing section for signal-processing the 
information of received and transmitted sounds, and a means 
for detecting the distance between the auditory organ of 
the telephone call receiver or the telephone call 
transmitter and the speaker based on the measured acoustic 
characteristic information. 

The device is further provided with a means for 
detecting a distance between the auditory organ and the 
speaker by comparing the measured acoustic characteristic 
information of the auditory organ, of the telephone call 
receiver or the telephone call transmitter with a 



preliminarily obtained threshold value, so as to connect 
and/or disconnect a communication line according to the 
detected distance. 

As a speaker, a piezoelectric element and a voice 
5 coil can be employed. 

This invention allows an easy-to-use 
communication line connection/disconnection method and 
communication line connection/disconnection device to be 
achieved without using a complex mechanism component. 

Brief Description Of Drawings 

These and other aspects and features of the 
present invention will become clear from the following 
description taken in conjunction with the preferred 
15 embodiments thereof with reference to the accompanying 
drawings, in which: 

Fig. 1 shows a schematic diagram of an auditory 
organ according to a first embodiment of the present 
invention; 

20 Fig. 2A and Fig. 2B are schematic diagrams 

showing change in electrical impedance of a speaker which 
is mounted with a receiver connected to a communication 
line connection device as an example of a call control 
device according to the first embodiment of the present 

25 invention; 
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Fig. 3 shows an equivalent circuit diagram of a 
receiver which is connected to the call control device of 
Fig. 2A and Fig. 2B according to the first embodiment of 
the present invention; 

Fig. 4A and Fig. 4B are schematic diagrams 
showing the measurement of acoustic characteristic 
information by the communication line connection device of 
the first embodiment of the present inventions- 
Fig. 5 shows a schematic diagram of the 
communication line connection device of the first 
embodiment of the present inventions- 
Fig. 6 shows a flow chart up to communication 
line connection by the communication line connection device 
of the first embodiment of the present invention; 

Fig. 7 is a graph showing an experiment result 
indicating change in the electrical impedance of the 
speaker when the distance between the auditory organ and 
the speaker varies in. the communication line connection 
device of the first embodiment of the present invention; 

Fig. 8 shows a schematic diagram of an electrical 
impedance measurement system of the speaker according to 
the communication line connection device of the first 
embodiment of the present invention; 

Fig. 9 shows a schematic diagram of a call, 
control device of a second eimbodiment of the present 



9 

invention; and 

Fig. 10 shows a flow chart of the call control 
operation by the call control device, of the second 
embodiment of the present invention! 

5 

Best Mode for Carrying Out the Invention 

Before the description of ' the present invention 
proceeds, it is to be noted that like parts are designated 
by like reference numerals throughout the accompanying 
10 drawings. 

According to a first aspect of the present 
invention, there is provided a call control method 
comprising of: 

transmitting sound from a sound transmission and 
15 reception section of a call control device and receiving 
the sound in the sound transmission and reception sections- 
detecting bioacoustic characteristic information 
of an auditory organ of a telephone call receiver or a 
telephone call transmitter by the received sound; and 
20 ^ controlling call operatipn of the call control 

device based on the detected bioacoustic characteristic 
information. 

According to a second aspect of the present 
invention, there is provided a the call control method as 
25 set forth in the first, aspect, comprising, of : 
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detecting a distance between the auditory organ 
of the telephone call receiver or the telephone call 
transmitter and the sound transmission and reception 
section of the call control device based on the detected 
bioacoustic characteristic information; and 

controlling the operation to connect or 
disconnect a communication line by the call control device 
based on the detected distance - 

According to a third aspect of the present 
invention, there is provided the call control method as set 
forth in the first aspect, wherein the bioacoustic 
characteristic information of the auditory organ is a total 
acoustic impedance of an acoustic impedance of an external 
ear, an acoustic impedance of a middle ear, and an . acoustic 
impedance of an internal ear of an operator of the call 
control device. 

According to a fourth aspect of the present 
.invention, there is provided the call control method as set 
forth in any one of the 1st through 3rd aspects, wherein 
time information as well as the bioacoustic characteristic 
information or the distance information are detected and 
the communication line is connected or disconnected based 
on the detected bioacoustic characteristic information or 
distance information and the time inf oirmation. 

According to a fifth aspect of the present 
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invention, there is provided the call control method as set 
forth in any one of the first through third aspects, 
wherein when the call operation control of the call control 
device is performed based on the detected bioacoustic 
characteristic information, voice recognition operation is 
controlled based on the detected bioacoustic characteristic 
information, as well as the communication line is connected 
or disconnected, and call-related operation is conducted 
through the voice recognition operation. 

According to a sixth aspect of the present 
invention, there is provided a call control device 
comprising: . 

a sound transmission and reception part for 
transmitting and receiving sound; and 

a bioacoustic characteristic information 
detection means for detecting bioacoustic characteristic 
information of the auditory organ of the operator of the 
call control device by the sound transmitted and received 
by the sound transmission and reception part, 

wherein call operation is controlled based on the 
bioacoustic characteristic information detected by the 
bioacoustic characteristic information detection means.* 

According to a seventh aspect of the present 
invention, there is provided the call control device as set 
forth in the sixth aspect, further comprising a means for 
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detecting a distance between the auditory organ and the 
transmission and reception section by comparing the 
acoustic characteristic information detected by the 
bioacoustic characteristic information detection means and 
5 a preliminarily obtained threshold value, 

wherein the communication line is connected 
and/or disconnected according to the detected distance. 

According .to an eighth aspect of the present 
invention, there is provided the call control device as set 
10 forth in the sixth aspect, wherein 

the transmission and reception section is a 
speaker; and 

the bioacoustic characteristic information 
detection means is a signal processing section for signal- 
15 processing the sound information received and transmitted 
by the speaker to detect the bioacoustic characteristic 
information of the auditory organ of the operator of the 
call control device, 

further comprising a distance detection means for 
20 detecting the distance between the auditory organ of the 
telephone call receiver or the telephone call transmitter 
and the speaker based on the detected bioacoustic 
characteristic information, 

wherein the call operation is controlled based on 
25 the distance detected by the distance detection means. 
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According to a ninth aspect of the ' present 
invention, there is provided the call control device as set 
forth in any one of the sixth through ^ eighth aspects, 
wherein the transmission and reception section is composed 
of a piezoelectric element. 

According to a tenth aspect of the. present 
invention, there is provided the call control device as set 
forth in any one of the sixth through eighth aspects, 
wherein the transmission and reception section is composed 
of a voice coil. 

According to an 11th aspect of the present 
invention, there is provided the call control device as set 
forth in any one of the sixth through eighth aspects, 
further comprising a voice recognition control section for 
controlling call-related operation by voice recognition, 

wherein when the distance between the 
transmission and reception section and the auditory organ 
is determined to be equal to or shorter than a preset value 
by the bioacoustic characteristic information detection 
means, voice recognition operation is started in the voice 
recognition control section to control the call-related 
operation. 

This invention will be described in further 
detail by way of preferred embodiments with reference to 
the accompanying drawings . 
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(First Embodiment) . 

Fig, 1 shows a schematic diagram of a human 
auditory organ. In Fig. 1, reference numeral 1 denotes an 
external ear, 2 denotes a middle ear, 3 denotes an internal 
ear, 4 denotes an eardrum, 5 denotes an auditory ossicle, 6 
denotes semicircular canal, 7 denotes a cochlea, 8 denotes 
an auditory organ, respectively. The auditory organ 8 is 
composed of the external ear 1, the middle ear 2, and the 
internal ear 3, and the acoustic characteristic information 
of the auditory organ, acoustic impedance in particular, 
that is, the total acoustic impedance of the acoustic 
impedance of the external ear 1, the acoustic impedance of 
the middle ear 2, and the acoustic impedance of the 
internal ear 3 shows characteristics particular to a hioman 
auditory organ. 

Fig. 2A and Fig. 2B are schematic diagrams 
showing change in electrical impedance of the speaker which 
is mounted with a receiver connected to a communication 
line connection device as an example of a call control 
device according to the first embodiment of the present 
invention. Reference numeral 9 denotes a power source and 
10 denotes a speaker, respectively. The electrical 
impedance of the ^ speaker 10 is measured by a signal 
processing section 13 (see Fig. 4A, Fig. 4B and Fig. 5) . 
Fig. 2A shows a situation in which the speaker 10 transmits 
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sound in open space (in other words, a situation in which 
the receiver is not being used) and Fig. 2B shows a 
situation in which the speaker 10 transmits sound with the 
speaker 10 being adjoined to the auditory organ 8 (in other 
words, a situation in which the receiver is being used. 

As shown in Fig. . 2A, when the speaker 10 
transmits sound in open space, this electrical impedance of 
the speaker 10 is set as Z. When the auditory organ 8 is 
adjoined to the speaker 10 as shown in Fig. 2B, the 
acoustic impedance of the auditory organ 8 and the 
electrical impedance of the speaker 10 combine with each 
other through air with the result that the electrical 
impedance of the speaker 10 changes from Z to Z' . The 
degree . of change in the electrical impedance Z of the 
speaker 10 differs according to the degree of combination 
between both of the impedances. Since this degree of 
change is dependent on the distance between the auditory 
organ 8 and the speaker 10, the distance between the 
auditory organ 8 and the speaker 10 can be detected if the 
electrical impedance Z, which is acoustic characteristic 
information, is measured. ■ When the signal processing, 
section 13 (see Fig. 4A, Fig. 4B and Fig. 5) determines 
that the detected distance has become shorter than a preset 
distance, the signal processing section 13 connects a 
communication line of a telephone. 
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Hereinafter, this will be described in further 
detail using an equivalent circuit. 

Fig. 3 shows an equivalent circuit diagram of the 
receiver which is connected to the communication line 
connection device of Fig. 2A and Fig. 2B. Reference 
numeral 9 denotes a power source, 21 denotes an electrical 
impedance having a value of zi, 22 denotes an acouistic 
impedance having a value of Z2, 23 denotes a variable 
acoustic impedance having a value of Za (x) , and 24 denotes 
a transformer which combines an electrical system and an 
acoustic system (mainly formed by air) , respectively. 

First, the operation of the variable acoustic 
impedance 23 will be described. 

The variable acoustic impedance 23 is a function 
of the distance x between the auditory organ 8 and the 
speaker 10. When the speaker 10 transmits sound in open 
space as shown in Fig. 2A, that is, when the distance x 
indicates a large value, the value Z3 (x) is then 
considered zero. 

When the speaker 10 being adjoined to the 
auditory organ 8 transmits sound as shown in Fig. 2B, that 
is, when the distance x indicates the minimum value, the 
equation Z3 (x) = zsmax is valid. 

For example, when a calling party brings the 
speaker 10 from the situation in which the speaker 10 
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transmits sound in open space, gradually closer to the 
auditory organ 8, and finally on contact with the auditory 
organ 8, the value of Z3 (x) varies continuously from zero 
and reaches its maximum at Zamax. 

Next/ a composite impedance Z on the equivalent 
circuit will be described. 

The equivalent circuit shown in Fig. 3 has a 
primary circuit, that is, the circuit to the left of the 
transformer 24, which is an electrical system circuit, and 
the circuit to the right thereof is a secondary circuit, 
which is an acoustic system circuit. 

In the equivalent circuit of Fig. 3/ the acoustic 
impedance Z2 + Z3 (x) of the secondary circuit is 
considered as the electrical impedance Zt (x) via the 
transformer 24 from the standpoint of the primary circuit, 
and when the transformation ratio of the transformer 24 is 
set as (the primary side: the secondary side = l:q), the 
value Zt= (Z2+Z3) / (qxq) is obtained. That is, the composite 
electrical impedance Z (x) to the right of A-A' in the 
equivalent circuit is indicated as the sum of the value Zi, 
which an electrical impedance 21 has, and the Zt (x) , and 
the following Equation (1) is established. 

Z{x)=Zi + zXx) = Zi+^[z2+z^{x)] , 

Referring now to change in value of electrical 
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impedance. The composite electrical impedance Z varies 
continuously from 

Zmin=Zi+Z2/ (q^q) 

to 

5 Zmax=Zi+ (Z2+Z3max) / (qxq) 

by bringing the speaker ,10 closer to the auditory organ 8 
gradually. This means that the distance between the 
auditory organ 8 and the speaker 10 can be detected if the 
electrical impedance Z is measured. When the signal 

10 processing section 13 (see Fig. 4A, Fig. 4B and Fig. 5) 
determines that the detected distance has become shorter 
than a distance (a threshold value) which is preset and 
stored in a memory section 31 (see Fig. 5), a communication 
line connection/disconnection section 32 connects a 

15 telephone communication line, as will be described in 
detail later. 

Fig. 7 shows a state of change in the electrical 
impedance of the speaker 10 when the distance -between the 
auditory organ 8 and the speaker 10 of the communication 

20 line connection device varies. A measurement was conducted 
in the system shown in Fig. 8. The speaker 10 was 
connected to an impedance analyzer 41 {4194A produced by 
Hewlett-Packard Co.), the frequency of the alternating 
voltage (amplitude 0.5V) applied to the speaker 10 was 

25 swept from lOOHz to 500Hz, the change in the electrical 



impedance of the speaker 10 on the moment was measured by. 
the impedance analyzer 41 and recorded in a personal 
computer 42. The measurement was conducted on the three 
distances of 500mm, 5mm, and 0mm between the auditory organ 
8 and the speaker 10. 

As shown in Fig. 7, the impedance difference due 
to the difference of the distance is rarely found in lOOHz, 
whereas the impedance difference is recognized as a 
remarkable difference in 500Hz. That is, the distance 
between the auditory organ 8 and the speaker 10 can be 
measured by measuring the electrical impedance of the 
speaker 10 in a frequency of 500Hz. 

Since electrical impedance is a complex niimber, 
the two parameters of the real part and the imaginary part 
vary according to changes in the distance between the 
auditory organ 8 and the speaker 10. Consequently, the 
comparison operation of vector quantity is required to 
conduct distance calculation for setting a threshold value 
and for detecting distance, and after obtaining the 
absolute value of the vector indicating electrical 
impedance Z, the absolute value is preferably compared with 
a threshold value . for the purpose making the operation 
easier. 

In order to determine whether a telephone 
communication line is connected or not, a comparison is 
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made between the distance between the auditory organ 8 and 
the speaker 10 which is obtained from the electrical 
impedance measured and stored in the memory section 31 (see 
Fig. 5) arid the threshold value which is preset and stored 
in the memory section 31 (see Fig. 5) . This threshold 
value may be obtained from an average acoustic impedance 
value of the human auditory organ 8, However, since the 
auditory organ 8 differs in individuals, it is particularly 
preferable that before using the communication line 
connection/disconnection function, a user preliminarily 
measures the relation between the electrical impedance Z 
(x) and the distance x to store it in the memory section 31 
(see Fig. 5), using the user's auditory organ 8. 

Although the above example relates to the case in 
which the threshold value to be compared with the distance 
between the auditory organ 8 and the speaker 10 is a 
parameter having a length dimension, it is preferable, 
needless to say, that the electrical impedance Z may be 
employed as a threshold value directly instead of obtaining 
distance from the electrical impedance Z. In this case, 
connection for a call (or connection/disconnection as will 
hereinafter be described in detail) is determined by 
storing the electrical impedance Z in the memory section 31 
(see Fig. 5) as it is and comparing the impedances in the 
signal processing section 13. 
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As described above, a communication line is 
easily connected by utilizing the acoustic impedance of the 
auditory organ 8, but the description will be given for the 
case in which a communication line is disconnected in 
contrast . 

If the signal processing section 13 is set to 
disconnect the communication line immediately when the 
signal processing section 13 determines that the detected 
distance between the auditory organ 8 and the speaker 10 
has become longer than the distance preset and stored in a 
memory section 31/ the communication line is disconnected 
even when a receiver is shifted from the right hand to the 
left hand by a calling party, for example. In order to 
avoid the above situation, the signal processing section 13 
may be set to disconnect the communication line, without 
immediately disconnecting the communication line, when the 
electrical impedance of the speaker 10 stays unchanged for 
a time equal to or more than a prescribed time, ten seconds 
for example or when the electrical impedance of the speaker 
10 stays longer (or shorter) than the preset threshold 
value for a time equal to or more than prescribed time, ten 
seconds for example. 

Otherwise, it is preferable that the threshold 
value as a comparison target for connecting the 
communication line and the threshold value as a comparison 
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target for disconnecting the communication line are set 
separately and stored in the memory section 31. For 
example, if the threshold value for disconnection, which is 
set as larger than the threshold value for connection 
5 (corresponds to long distance) , is stored in; the memory 
section 31, malfunctions in the communication line 
disconnection function such that the communication line is 
disconnected even when a receiver is shifted from the one 
hand to the other hand, are preferably reduced. The 
10 threshold value stored in the memory section 31 may be 
adjustable by a telephone call receiver or a telephone call 
transmitter. 

Although a hioman voice is natural to be employed 

for the sound transmitted from the speaker 10, a ringing 
15 tone for informing the arrival of a telephone call is 

suitable and an exclusive tone for measuring distance is 

also suitable. 

Although piezoelectric elements typified by PZT 

and moving coil-type elements typified by a voice coil are 
20 suitable for the speaker 10 of a telephone, electrostatic 

type elements typified by condenser-type elements may also 

be employed. 

Fig. 4A and Fig. 4B are schematic diagrams 
showing the measurement of acoustic characteristic 
25 information. Fig. 4A is a schematic diagram of the case in 
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which sound is transmitted/ and Fig. 4B is a schematic 
diagram of the case in which sound is received, 
respectively. In Fig. 4A and Fig. 4B/ reference numeral 8 
denotes the auditory organ, 10 denotes the speaker, 12 
5 denotes transmitted sound, 13 denotes the signal processing 
section, and 14 denotes reflected sound. 

As shown in Fig. 4A, under control of the signal 
processing section 13, the sound 12 transmitted from the 
speaker 10 advances in the external ear 1 of the auditory 

10 organ 8. Part of the transmitted sound is absorbed in the 
auditory organ 8, but the rest is reflected by the 
respective regions in the auditory organ 8, the eardrum 4 
in particular, and the reflected sound 14 is received by 
the speaker 10 through the external ear 1. 

15 The sound received by the speaker 10 is converted 

into electrical signals by the speaker 10 (specifically, a 
piezoelectric element or a voice coil or the like) and 
operated in the signal processing section 13 so that the 
distances from the speaker 10 up to the respective regions 

20 in the auditory organ 8, the eardrum 4 in particular, are 
detected based on the transmission time of the transmitted 
sound 12 and the receipt time of the reflected sound 14. 
When the signal processing section 13 determines that the 
obtained distance by detecting has become shorter than a 

25 distance preset and stored in the memory section 31, the 



telephone communication line is connected by the 
coramunication line connection/disconnection section 32. 

As described above, the communication line is 
easily connected by utilizing the reflective wave 
characteristics of the auditory organ 8, but the 
description will be given for the case in which a 
communication line is disconnected hereinafter. 

If the signal processing section 13 is set to 
disconnect the communication line immediately when the 
signal processing section 13 determines that the detected 
distance between the auditory organ 8 and the speaker 10 
has become longer than a preset distance, the . communication 
line is disconnected even when a receiver is shifted from 
the right hand to the left hand by a calling party, for 
example. In order to avoid the above situation, a 
communication line may be set to disconnected, without 
immediately disconnecting the communication line, when a 
state where the detected distance becomes longer than the 
preset distance stays for a time equal to or longer than a 
prescribed time, ten seconds for example. 

When the reflected sound (reflective wave) 14 is 
employed as described above, a high-frequency acoustic wave 
is suitable to improve resolution. Roughly estimating with 
specific numbers, for example, when sound having a 
frequency of IMHz is used, assuming that velocity of sound 
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in air is 300m/s for simplicity, and when the wavelength is 
about 0.3initi and the reciprocation distance from the inlet 
of the external ear 1 to the eardrum 4 is set to about 6cm, 
the time required for reciprocating becomes 2 00us. Since 
the cycle of sound having a frequency of IMHz is l^S/ when 
the length of the transmitted sound is set to several 
cycles to tens of cycles, reflective waves such as the 
reflective wave from the eardrum 4, the reflective wave 
from the auditory ossicle 5, and the reflective wave from 
the cochlea 7 are made possible to be received on a time 
base separately with the result that the accuracy of the 
positioning operation of the auditory ' organ 8 can be 
improved. 

Although Fig. 4A and Fig. 4B give their 
descriptions based on the case in which the speaker 10 has 
two functions of sound transmission and reception, a sound 
transmitter and a sound receiver may be separately provided 
instead of the speaker 10. 

Although piezoelectric elements typified by PZT 
and moving coil-type elements typified by a voice coil are 
suitable for structuring the speaker 10, electrostatic type 
elements typified by condenser-type elements may also be 
employed. 

The method in which a communication line is 
connected or disconnected by utilizing acoustic 



characteristic information can be implemented by a software 
program, which may be saved in a recording medium and 
stored in the memory section 31 from the recording medium, 
and is then read from the memory section 31 into the signal 
processing section 13 to be executed as required or 
otherwise the software program may externally be downloaded 
as required by a communication means of some kind such as 
wireless communication and the Internet to be read into the 
signal processing section 13 for execution. 

This embodiment will more specifically describe 
the process using a block diagram and a flow diagram, in 
which a telephone call receiver receives a telephone call 
and then connects a communication line, or otherwise a 
telephone call transmitter connects a communication line so 
that the telephone call receiver itself can transmit, and 
the communication line is then disconnected after the end 
of the telephone call. 

Fig. 5 shows a schematic diagram of the 
communication line connection device. In Fig. 5, reference 
numeral 8 denotes the auditory organ, 10 denotes the 
speaker, 13" denotes the signal processing section, 31 
denotes the memory section, and 32 denotes the 
communication line connection/disconnection section, 
respectively!; 

The signal processing section 13 measures the 
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acoustic characteristic information of the auditory ' organ 8 
of a telephone call receiver or a telephone call 
transmitter typified by the change in the electrical 
impedance and the reflective wave properties of the speaker 
5 10 so as to store the information in the memory section 31. 
A preset threshold value information is stored in the 
memory section 31, and the signal processing section 13 
reads the acoustic characteristic information of the 
auditory organ of the telephone call receiver or the 

10 telephone call transmitter and the threshold value 
information from the memory section 31 to compare the 
informations with each other. When it is determined that 
the speaker 10 has come sufficiently close to the auditory 
organ 8 as a result of the comparison, the signal 

15 processing section 13 orders the communication line 
connection/disconnection section 32 to connect a 
communication line. 

Once the communication line is connected, the 
signal processing section 13 continuously measures acoustic 

20 characteristic information and compares the acoustic 
characteristic information with the threshold value 
information stored in the memory section 31 for 
disconnecting the communication line. When it is 

determined that the speaker 10 is far away from the 

25 auditory organ 8 as a result of the comparison, the signal 
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processing section 13 orders the communication line 
connection/disconnection section 32 to disconnect the 
communication line. 

Next, the signal processing ' flow conducted by the 
5 signal processing section 13 will be described using the 
flow diagram shown in Fig. 6. 

When it is detected that a telephone call is 
received (Step SI) , the signal processing section 13 
measures the acoustic characteristic information of the 

10 auditory organ of a telephone call receiver or a telephone 
call transmitter (Step S2.) . The signal processing section 
13 then obtains the distance between the auditory organ 8 
and the speaker 10 based on this acoustic characteristic 
information (Step S3) . 

15 Next, the signal processing section 13 reads the 

threshold value information stored in the memory section 31, 
and then compares the distance obtained in. the previous 
step and the stored threshold value (Step S4) . When the 
measured distance here is shorter than the threshold value, 

20 the signal processing section 13 orders the communication 
line to be connected (Step S5) . In contrast, when the 
measured distance is longer than the threshold value, the 
signal processing section 13 returns to Step S2 and orders 
the acoustic characteristic information of the auditory 

25 organ of the telephone call receiver or the telephone call 
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transmitter to be measured again. This loop (Steps S2 - 
S4) is repeated until the measured distance becomes shorter 
than the threshold value. 

The communication line is connected through the 
5 above operations. 

Next, a description will be given for the case in 
which a communication line is disconnected. 

After the connection of the communication line 
(Step S5), even in the midst of the call by the telephone 
10 call receiver or the telephone call transmitter, the signal 
processing section 13 measures the acoustic characteristic 
information of the auditory organ of the telephone call 
receiver or the telephone call transmitter (Step S6) . The 
signal processing section 13 then obtains the distance 
15 between the auditory organ .8 and the speaker 10 based on 
this acoustic characteristic information (Step 87) . The 
signal processing section 13 reads the threshold value 
information stored in the memory section 31, and then 
compares the measured distance with the threshold value 
20 stored in the memory section 31 to determine whether or not 
the measured distance is longer than the threshold value 
stored in the memory section 31 (Step S8) . When the 
measured distance is longer than the threshold value, the 
signal processing section 13 orders the communication line 
25 to be disconnected (Step S9) . In contrast, when the 



measured distance is shorter than the threshold value, the 
signal processing section 13 returns to Step S6 and orders 
the acoustic characteristic information of the auditory 
organ of the telephone call receiver or the telephone call 
transmitter to be measured again. This loop (Steps S6 - 
S8) is repeated until the measured distance becomes longer 
than the threshold value. 

The communication line is finally disconnected 
through the above operations. 

Although the step in which the distance between 
the auditory organ 8 and the speaker 10 is obtained based 
on acoustic characteristic information is described in the 
flow chart of Fig. 6, it is suitable for the acoustic 
characteristic information to be directly employed for a 
comparison parameter instead of obtaining distance from the 
acoustic characteristic information as described above, in 
which case Steps S3 and S7 for distance calculation may be 
omitted. 

Also, it is preferable that the threshold value 
as a comparison target for connecting the communication 
line and the threshold value as a comparison target for 
disconnecting the communication line are set separately and 
stored in the memory section 31. For example, if the 
threshold value for disconnection, which is set as larger 
than the threshold value for connection (corresponds to 



long distance) , is stored in the memory section 31, 
malfunctions in the communication line disconnection 
function such that the communication line is disconnected 
even when a receiver is shifted from the one hand to the 
other hand, are preferably reduced. It is to be noted that 
the threshold value stored in the memory section 31 may be 
adjustable by the telephone call receiver or the telephone 
call transmitter. 

The first embodiment thus focuses on measuring 
the acoustic characteristics of the auditory organ 8 of the 
telephone call receiver and the telephone call transmitter, 
and finds the application thereof to the connection or 
disconnection of the communication line by the receiver. 
That is, by using the acoustic impedance of the auditory 
organ 8 in order to employ a judgment criterion which 
considers the structure and materials inside a living body 
as well, a concise communication line 

connection/disconnection method can be achieved by 
detecting the distance between the auditory organ 8 and a 
sound transmission and reception section, for example the 
speaker 10, to determine whether the detected distance is 
longer than a prescribed distance (or the detected 
impedance is larger than a prescribed impedance) . 
Therefore, the call operation of the call control device of 
a telephone can be easily controlled with very high 
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recognizing accuracy using the auditory organ 8, which 
every human has, instead of using a complex mechanism 
component • 

The present invention is not limited to the above 
embodiment and is applicable to other various embodiments 
as follows. 

(Second Embodiment) 

The above described technology which detects the 
distance between the auditory organ and the receiver using 
the acoustic characteristics of the auditory organ of the 
telephone call receiver and the telephone call transmitter 
is suitably employed for the call operation control 
conducted when the communication line is connected or 
disconnected at the time of call reception, other than the 
call operation control conducted when the communication 
line is connected or disconnected at the time of call 
transmission . 

The second embodiment of the present invention 
describes the process by reference to a block diagram and a 
flow chart, in which a telephone call transmitter transmits 
a telephone call and a communication line is disconnected 
after the end of the . telephone call with the use of dial 
operation using voice recognition technology. Voice 
recognition technology, which is employed when a device is 
operated by voice instead of using mechanism components 
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slich as a button, shows close coordination with the present 
invention. 

Fig. 9 shows a schematic diagram of a call 
control device according to the second embodiment of the 
5 present invention. In Fig.. 9, reference niimeral 8 denotes 
an auditory organ, 10 denotes a speaker^ 13 denotes a 
signal processing section, 31 denotes a memory section, 51 
a voice recognition control section for recognizing voice 
to control call-related operation, 32 denotes a 

10 communication line connection/disconnection section, 52 
denotes a microphone, and 53 denotes an illumination device, 
respectively. 

The signal processing section 13 measures the 
acoustic characteristic information of the auditory organ 8 

15 of a telephone call transmitter typified by the electrical 
impedance of the speaker .10, and stores the information in 
the memory section 31. Preset threshold value information 
is stored in the memory section 31, and the signal 
processing section 13 reads the distance between auditory 

20 organ 8 of the telephone call transmitter and the speaker 
10, and the threshold value information from the memory 
section 31, to compare the distance with the information by 
the signal processing section 13. When it is determined 
that the speaker 10 has come sufficiently close to the 

25 auditory organ 8 (in other words, when the distance between 
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the speaker 10. and the auditory organ 8 is determined to be 
equal to or shorter than the preset value) as a result of 
the comparison, the signal processing section 13 orders the 
voice recognition control section 51 to start voice 
5 recognition. At the same time, the signal processing 
section 13 tells the telephone call transmitter that the 
voice recognition starts using the speaker 10 by voice 
(voice guidance) or tells by changing the luminescent color, 
emission intensity, or emission timing of light using the 

10 illumination device 53 (optical guidance) . 

The voice guidance specifically contains call- 
related operations such as urging the telephone call 
transmitter to vocalize the name and the telephone number 
(figures) of the other party of a call, telling the result 

15 of voice recognition to the telephone call transmitter, 
urging the telephone call transmitter to choose from 
several options. The optical guidance specifically 

contains call-related operations such as a green light 
emitted when the telephone call transmitter is urged to 

20 vocalize the name and the telephone number (figures) of the 
other party of a call, a blue light emitted when the voice 
recognition has been successful and a red light emitted 
when the voice recognition has failed, in the example in 
which the luminescent color is used. In the example in 

25 which the light emission timing is used, call-related 
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operations can be conducted such as providing various 
informations to the telephone call transmitter by flashing 
frequency and number of flashing times of light emission. 
Furthermore, the combination of the luminescent color, 
emission intensity, and emission timing of light can 
produce a communication means which the telephone call 
transmitter can easily recognize, A display or a numeric 
keypad mounted with a receiver is suitably used as the 
illumination device 53, but a device exclusively for light 
emission may be mounted with a receiver. There are also 
other methods such as the method which uses a vibrator 
mounted with a receiver to communicate with the telephone 
call transmitter by vibration. 

When the other party of a call is decided by 
voice recognition, the signal processing section 13 orders 
the communication line connection/disconnection section 32 
to dial the nizmber of the relevant party of the call. 

Once a communication line is connected, the 
signal processing section 13 measures and stores acoustic 
characteristic information to disconnect the communication 
line, as well as converts the distance between the auditory 
organ 8 and the speaker 10 to store the converted distance 
in the memory section 31 based on the stored acoustic 
characteristic information. 

The distance between the auditory organ 8 and the 
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speaker 10 read from the memory section 31 and the 
threshold value information stored in the memory section 31 
are compared with each other. When it is determined that 
the threshold value information is longer than the distance 
5 and that the speaker 10 is far away from the auditory organ 
8 as a result of the comparison, the signal processing 
section 13 orders the communication line 

connection/disconnection section 32- to disconnect the 
communication line. 

10 On the other hand, when it is determined that the 

threshold value information is equal to or shorter than the 
distance and that the speaker 10 is not far away from the 
auditory organ 8, the distance between the auditory organ 8 
and the speaker 10 is again obtained based on acoustic 

15 characteristic information, the signal processing section 
13 measures and stores acoustic characteristic information 
to disconnect the communication line, as well as converts 
the distance between the auditory organ 8 and the speaker 
10 to store the converted distance in the memory section 31 

20 based on the stored acoustic characteristic information. 

The distance between the auditory organ 8 and the speaker 
10 read from the memory section 31 and the threshold value 
information stored in the memory section 31 are then 
compared with each other. This loop continues until it is 

25 determined that the speaker 10 is far away from the 



auditory organ 8 with the result that the communication 
line is disconnected. 

Next, the signal processing flow conducted by the 
signal processing section 13 will be described using the 
flow diagram shown in Fig. 10. 

. The signal processing section 13 measures the 
acoustic characteristic information of the auditory organ 
of a telephone call transmitter through the acoustic 
characteristic information of the speaker 10 (Step S21 of 
Fig. 10) . The signal processing section 13 then obtains 
the distance between the auditory organ 8 and the speaker 
10 based on the acoustic characteristic information (Step 
S22 of Fig. 10) . Then, the signal processing section. 13 
reads the threshold value information stored in the memory 
section 31 to compare the information with the distance 
obtained in the previous step (Step S23 of Fig. 10) . When 
the distance measured, here is shorter than the threshold 
value, the signal processing section 13 orders voice 
recognition to get started (Step S24 of Fig. 10) . When the 
other party of a call is decided by voice recognition, the 
signal processing section 13 orders the number of the other 
party of a call to be dialed (Step S25 of Fig. 10) . On the 
hand, when the measured distance is longer than the 
threshold value, the signal processing section 13 orders 
the acoustic characteristic information of the auditory 
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organ of the telephone call transmitter to be measured 
again (Step S21 of Fig. 10) • This loop (Steps S21 - S23 of 
Fig. 10) is repeated until the measured distance becomes 
shorter than the threshold value. 
5 Next, a description will be given for the case in 

which a communication line is disconnected. After the 
connection of the communication line, even in the midst of 
the call by. a telephone call transmitter, the signal 
processing section 13 measures the acoustic characteristic 

10 information of the auditory organ of the telephone call 
transmitter (Step S26 of Fig. 10) . The signal processing 
section 13 then obtains the distance between the auditory 
organ 8 and the speaker 10 from the acoustic characteristic 
information (Step S27 of Fig. .10) . Then, the signal 

15 processing section 13 reads the threshold value information 
stored in the memory section 31 to compare the information 
with the . distance obtained in the previous step (Step S28 
of Fig. 10) . When the measured distance is longer than the 
threshold value, the signal processing section 13 orders 

20 the communication line to be disconnected (Step S29 of Fig. 

10) . On the hand, when the measured distance is shorter 
than the threshold value, the signal processing section 13 
orders the acoustic characteristic information of the 
auditory organ of the telephone call transmitter to be 

25 measured again (Step S26 of Fig. 10) . This loop (Steps S26 
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- S28 of " Fig. 10) is repeated until the measured distance 
becomes longer than the threshold value- The communication 
line is finally disconnected ^through the above operations. 

Although Steps. S22 and S27 are described in the 
flow diagram of Fig. 10, in which the distance between the 
auditory organ 8 and the speaker 10 is obtained based on 
acoustic characteristic information, it is also suitable 
for the acoustic characteristic information to be directly 
employed for a comparison parameter instead of obtaining 
distance from the acoustic characteristic information as 
described above, in which case Steps S22 and S27 for 
distance conversion may be omitted. 

Also, it is also suitable that the threshold 
value as a comparison target for connecting the 
communication line and the threshold value as a comparison 
target for disconnecting the communication line are set 
separately and stored in the memory section 31. For 
example, if the threshold value for disconnection, which is 
set as larger than the threshold value for connection 
(corresponds . to long distance), is stored in the memory 
section 31, malfunctions in the line disconnection function 
such that the communication line is disconnected even when 
a receiver is shifted from the one hand to the other hand, 
are preferably reduced. 

. The present invention thus focuses on measuring 
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the acoustic characteristics of the auditory organ of the 
telephone call transmitter and the telephone call receiver, 
and finds the application thereof to connection and 
disconnection ■ of the communication line by the receiver. 

5 That is, by using the acoustic impedance of the auditory 
organ in order to employ a judgment criterion which 
considers the structure and materials inside a living body 
as well, a concise communication line, 

connection/disconnection method can be achieved by 

10 detecting the distance between the auditory organ and a 
sound transmission and reception section, for example the 
speaker, to determine whether or not the detected distance 
is longer than a prescribed distance (or the detected 
impedance is larger than a prescribed impedance) . 

15 Therefore, this invention easily controls the operation of 
the call control device of a telephone with very high 
recognition accuracy using the- auditory organ, which every 
human has, instead of using a complex mechanism component, 
and has the beneficial effect which allows a concise 

20 communication line connection/disconnection method to be 
achieved by detecting the distance between the auditory 
organ and the sound transmitting and receiving part. 

By properly combining the arbitrary embodiments 
of the aforementioned various embodiments, the effects 

25 possessed by the embodiments can be produced. 



Although the present invention has been fully 
described in connection with the preferred -embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and 
modifications are to be understood as included within the 
scope of the present invention as defined by the appended 
claims unless they depart therefrom. 



